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In the study, we developed and evaluated a uracil N-glycosylase (UNG)-supplemented single-tube nested
reverse transcription-polymerase chain reaction (UsnRT-PCR) assay that can carried out first-round
RT-PCR and second-round nested PCR in a reaction tube without reaction tube opening and can simulta-
neously detect EU- and NA-PRRSV. The UsnRT-PCR confirmed to have a preventing ability of mis-am-
plification by contamination of pre-amplified PRRSV DNA from previous UsnRT-PCR. Primer specific-
ities were evaluated with RNAs extracted from 8 viral strains and our results revealed that the primers
had a high specificity for both genotypes of PRRSV. The sensitivity of the UsnRT-PCR was 0.1
TCIDs¢/0.1 mL for EU- or NA-PRRSV, respectively, which is comparable to that of previously reported
real time RT-PCR (RRT-PCR). Clinical evaluation on 110 field samples (60 sera and 50 lung tissues)
by the UsnRT-PCR and the RRT-PCR showed that detection rates of the UsnRT-PCR was 70% (77/110),
and was relatively higher than that of the RRT-PCR (69.1%, 76/110). The percent positive or negative
agreement of the UsnRT-PCR compared to RRT-PCR was 96.1% (73/76) or 90.9% (30/33), showing that
the test results of both assays may be different for some clinical samples. Therefore, it is recommend
that diagnostic laboratory workers use the two diagnostic assays for the correct diagnosis for the relevant
samples in the swine disease diagnostic laboratories. In conclusion, the UsnRT-PCR assay can be applied
for the rapid, and reliable diagnosis of PRRSV without concerns about preamplified DNA carryover con-
tamination that can occurred in PCR process in the swine disease diagnostic laboratories.
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x| A7 575 Hfo] 2|2 (porcine repro-
ductive and respiratory syndrome virus; PRRSV)2] 7+
of oJ3f WA= PRRS= UAIH=2] R4 oo} 2}
=9 3E7IAY 2 AARASE fdehe o=
19873} 1990 of] Fu| xS a} FF R Hof|A A5 1
AJo] &hol x| 9 th(Keffaber, 1989; Wensvoort 5, 1991).
°]%- PRRS= F=dol Adsts AY e w7t=
SHFEQLAL, A Al mAl= AAA gsft
7V A A 59 stz dEA Uth(Albina,
1997; Nuemann %, 2005). PRRSV:= 31917 9 o7
Z EAo| thE 2714 8743 =, Lelystad virus (LV)
2 ggom s 9HIYEU, type )T VR-2332
straine PP O E dl= EH|FNA, type 2)2 FE5]
o, A= FAF ot e 4 H ErAY
oA AFtH oz WASHAA T Lol A Hol 4
o glo] 9, Ful 9 ofprfo} x]9o] FEAfo| A 2
7HA] % o] PRRSVZL FA ol f-astal qlo] 2
o Xt FAof & o3& AL Slth(Murtaugh
=, 2010; Shi 5, 2010).

F=742] PRRS A& SAI817] sko] 17F HAL
T T, $EE &2, EdE, e 22 o
et WAHEEe] N Eo] A Eo] ghom, T
AL S =t ol ot HAA] A F=
oA gl 285 UtKCorzo 5, 2010). ©]o} 7+
< PRRSV ®A|A o] Ad535t7] flsliAl= WAld=f

Ag - Sol g Aol PRRSV Aeebar)
A9e solsla, WM HEENE BAshs
72 Q1 PRRSV ZIeti] o] gh-g-o] Z=2 o]tHCorzo
, 2010; Thanawongnuwech®} Suradhat, 2010).
PRRSVY| Xdtol= HEHom dAsha Hatet
Hpolg] A FesAHE o]8ste] oy dAehy
AARS 4 vl 29 EAS Tofdd
ol Qlaz, Hiolg s 2elE A
o] 22 %w, ofe] ALz oA PRRSVE] G413
sHA AEE 4= gl7] "ol ARG OoR=
A 3t Ao g BGriEo] Yrh(Kim F, 1993; Lager 5,
1997). whepA] Z|Foll= 2o ATt oA o
HAA-Z8Ea A A 2| HF-S(reverse  transcription-polymerase
chain reaction; RT-PCR)©] 4} real time RT-PCR (RRT-
PCR)Z} -2 FAAXITH-E& PRRSVE] Zitte] e
2-83}31 QTk(Gilbert 5, 1997; Kleiboeker %, 2005).
RT-PCR-S HE 29l vlo]g|A Ha|EAHo| H|a] 4l
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4 Yzt PRRSVE] {495 7hd et
ot % 9l Aol Qlou wwA st W o
2ol 1x} RT-PCRE] FZEAHES 0|88t 24} nested
PCRS &3} nested RT-PCR (nRT-PCR)2- ©]-8-3}4
2o U e BAE 84 35}9 tH(Christopher-Hennings
=, 1995; Gilbert 5, 1997; Kono =, 1996; Shin =,
1998). L&} o]# &t nRT-PCRS RT, 12} PCR, 23}
WPCRE TRE|- 2-36H9] A ZETHS A
Al H2= d¥F RT-PCRO|| H|5}to] 7] S35 DNAY]
A2 7PsAol B Fou, o= 15k 5% 2
EAHo R XEE 1 QlthAslanzadeh, 2004; Persing,
1990). 3tH, RRT-PCRE PRRSV §ZHZ}o] E0]2 9]
primers} probe o] §¥Ho M L WIZHES) Eojw
Qe % UL BAAIR o] uolel s RNAS 4
%o, RT-PCRY} Ee] A} 3
ol Bastr] 7] wiize] 3
| Y& Aol lthKleiboeker
. 2005). L@t} RRT-PCRS 7]Z RT-PCRo| H|5}

n7ke) Aotat Al Bam 5] ujge] A
A Ao A UAFAQl ATH O R o]-8517]= of

Aol weba diREe] AU Ao HL
3] RT-PCRO|L} nRT-PCR-S UAFA ¢ PRRSV Z
o= del Atgsta gick

o] AtolAE 7]E 2~-3TA 2 o]Fo]Z= nRT-
PCRE| @3S 7HAdstaat 1719 whg-RENA 13
RT-PCR3} 22} nested PCRS dA&A oz 433k 4=
Q1+ single-tube nRT-PCR (snRT-PCR)Z 7)d3}5H o
uj, tEo] A siRT-PCRO| 844 w249 ol o|eh
2] e 4= Q= uracil N-glycosylase (UNG)
gatomn 00 THs RS Ao] At
g 4= 9= UNG-supplemented snRT-PCR (UsnRT-PCR)
= Mdsto] 1 a8A4S AESI7| o Hagi)
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SA[HIO|ZA 3! OfA =

8% 4 5r]3 PRRSV #E5¢1 LV 9 LMY
strains: Kim -5(2010)9] *§of whet o A o=
o} 4 +L(porcine alveolar macrophages, PAM) Ei=
MARC-145 cellsof] vjFato] Alof AMg3tR o, &
ol UFE stel 1A ofFe] Hx ABTAR
Hl-o]H A[A/Korea/103/2009(HIN2) 2 A/Korea/A18/2011



DNA wxtR¥ HX|7|50| ¢l= snRT-PCRE 0|23t PRRSV {XE ZiWzic 109

(H3N2)], %29 o] 2] 22(LOM strain), )5}k
0] @ 2~(NADL-2 strain) 2 || %] 7 H}o]| 2] A(PCK0201
strain) 8 5 Y HAA G HE Y HOF Wop A3}
Atk ofe] Alzel Tat Aehie] A% gIstel =
U PRRS 750 =i e A3t okel AR 1107
(@4 607 W Ag2A 0)S FAtAH, B4
Hpolel s 9 ool WA o] TS
A7) —80°Col BT,

o1 >
S FE

SA| Hiol2l s gl ofQJAl R HAF 2E2 AT
AF27] E(Inclonebiotech, Seoul, Korea)E ©]-8-35}¢

ZAbe] Aol v} A =, vloe s
Hi A DA B 100 pL A RS HrtsE
of ¥tz AlgstRem, 22X RE A5k phos-
phate buffer saline (PBS)Z 10% F-A& 9= o2,
Z 2142 7](Bertin technologies, France)& AM8-3}of o}
Hshar, 12,000 rpmof|Al 157 L42Eegt v+,
A 100 pLg Hojulo] Bk 5] AHgslalet
Z2% HAIARE 50 uLo] diethyl pyrocarbonate
(DEPC)-A 7] FHa=ol &3 3+ ths, —80°Cel Ht
s Ahgstor

snRT—-PCRE& primer &4

snRT-PCR-E primer sets= 2010~2014d A}o]of
GenBanko]| 5.5 =) - 9] $%% 9 =0]3 PRRSV
9] open reading reading frame (ORF) 7 -3-Z1x}g7] A4
4 200 o AE £HT e, AR 71D B
32 I3 (clone manager 6, Scientific & Educational
Software, USA)YS: o] 4-5}0] 714 g5l 2912 Al
43t ok, primer A4 ZZII3el DNASTAR"

Lasergene program (DNASTAR Inc., USA)S ©]-&35}¢]
4% % HuE PRRSVO| So]# 3l primer 3F4
% 659 primers A SHATE 2} primer AA| Alofl+=
0]%19] nRT-PCR 7I¥t HI(Haff &, 1994; Shin %,
1998)E #r=35}o] 1x} RT-PCR-E primer set®] g3
(melting temperature, MT)3} 22} nPCR-E primer set2]
MTE 10°C o]4} A}oJyt= = 3to] 12} RT-PCRE 4
A& & 22t nPCR-E- primer set®] 250 2| 43}5]
T & Slgth A9E primer setsE ©]-831¢] 1}
RTPCR W 27 nPCRE A3 4% $e3o
PRRSVQI 74-¢- 406 bpe} 336 bp 12|13l Hu|3 PRRSV
Q1 7> 441 bp2} 274 bp F7|2] DNA TrHo] ZZx]
T E 3l9ow, AA % primer setsw= HE3]AKBio-
neer, Daijeon, Korea)ol| &]Z|5}o] $HA15}9I tH(Table 1).

RRT-PCR

RRT-PCR-E Kleiboeker 5(2005)2] HHof ulzt
one-step PrimeScriptTM RT-PCR kit (Takara Bio, Inc.,
Shiga, Japan)2} LightCycler® 96 Real-Time PCR sys-
tem (Roche Diagnostics, Mannheim, Germany)= ©]-&
Fo] AlA|8}9Ith RRT-PCROY| AFR-E primers@} probes
PRRSVE] ORF 73} 3¢-untranslated regionof| 4] 44|
Aog Bolwrt wol fHF % Hu|g PRRSV
FA0] PEADT 4 9lov], PRRSVE] A% 4l
L= 9F 1 TCIDsSl A& HIiEct Hh-gH =
RRT-PCR & primers 3Z(+H3, EUFS} EUR;

1%, NAR) & 25-2] probes (43 % H0¥)=
2F 0.4 uM A, primer 23(E1]3, NAF1, NAR2)E
ZF 0.2 uM A H7FsE & 125 pl2] 2x One Step
RT-PCR buffer III, 0.5 uL2] TaKaRa Ex Taq HS (5
U/uL), PrimeScript RT enzyme Mix 11, 5 uLo] & ol
Ahe A7FsH3lal, DEPC-waters ©|-8-5to] & &%

ofr

N T oox oYl i e
o rlo

N

Table 1. The primers used in the UNG-supplemented single-tube nested reverse transcription-polymerase chain reaction assay

Genotype [;r;r;llzr Sequence (5’-3°) Genome position™ terp::ltﬁre Pmd(l;;t) stz
EU EUF1 GGGGAATGGCCAGCCAGTCAATCA 14648-14671 68.3°C 406
EUR TGATCGCCCTAATTGAATAGGTGAC 15029-15053 60.7°C
EUF2 CCCAGGGGAGGACAGGC 14718-14734 54.2°C 336
NA NAF1 GGGGGATGGCCAGCCAGTCAATCA 14927-14950 68.3°C 441
NAR CGGTCGCCCTAATTGAATAGGTGAC 15343-15367 60.7°C
NAF2 CTAGTGAGCGGCAATTGTG 15094-15112 51.4°C 274

*Nucleotide positions of the UsnRT-PCR primers are numbered according to the sequence of Lelystad virus (GenBank accession number M96262)
for EU-PRRSV and LMY strain (GenBank accession number DQ473474) for NA-PRRSYV, respectively.
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2o - RS - 01Y] - HYE - HE

< 25 L2 A3kt BheR S 42°CollA 108,
95°Coll A 30% Hhg- AJ7l & 95°CollA] 10%, 60°Cojl
A 1ES 1 cycleZ 319 & 40 cyclex HHSA|F T
HAA =] gk RRT-PCRE| ¥H§-ZA = vl ¥H§-3]
$HE &3t Q(baseline-corrected normalized  fluo-
rescence, dRn)Z =4 3}o] dRn Z}o] 0.004 ©]3HCr Zk
37 oh¥Y off SAALE W=EsElen, 11 o4l A
o opyom WESIYLE,

RT-PCR % snRT-PCR

RT-PCR} snRT-PCRS A3 Inclone™ One-step RT-
PCR Kit (Inclone biotech, Seoul Korea)ol] Z3+g A] ok
52 olgate] AzALe] ZAHo] Wt premixE
A 23t o2, SimpleAmp Thermal cycler (ABI, Foster
City, CA)Z o|-&3}o] AlA]3}¢th RT-PCR-E, HH&-
Hof Table 19] RT-PCR-& primer 45(FH &, EUFIL}
EUR; H4|&, NAF17} NAR)Z 0.4 uMA 7|3k ot
2,1 uL_OJ Enzyme Mix, 12.5 uLQ] Reaction Mix & 5
uLe] & HALS 271519 3l, DEPC-waterE ©]-835}
oq 3_1,,_ Q_ak_o_ 25 uL=2 zx%ol.oﬂr,]- 1:1]-.0_X7—].9_
50°Co A 3087k Oﬂﬂ/\]—tﬂ-——‘% AAIBE & 95°Coj| A
1587 Aelstgom 1 3 95°Coj|A] 20%7F denatu-
ration, 55°Col|A] 20%7t annealing, 72°Co]| 4] elonga-
tion sh= TS 353 AL AAGE Th3, 72°CojlA]
10427 2[FHH&-5 ATt

snRT-PCRS &3t A7 EQ} HH|E 0|85}
Table 29| primer 622 2% L3t premixES A| X35}
o] AAJStE], 12} RT-PCRO| 2h53}= primer 4%
(EUR, NAR, UFl 2 NF)& %52 0.04 pME 18]
3L 2%} nPCRo|| A&5k= primer 23(UF29} NF2)9]
=5 217 03 uM3} 0.2 pME E2]8lo] snRT-PCR

£ premixE A| 25} tH(Haff 5, 1994; Shin 5, 1998).
snRT-PCRO] WHS-Z A& 50°Col|A] 3087F o HARt
o= AR thE, 95°CoA] 1587 Hejstaion, |
2} PCR (95°C0ﬂ/\1 3027} denaturation, 65°ColA] 30
%7} annealing 2 72°Cof| 4] 3027} elongation)2 153]
AA) % T2, 2%} nested PCR (95 Coﬂlﬂ 30%7} dena-
turation, 45°Coj|A] 30%7} annealing & 72°Coj| A 30%
7F elongation) 303 A& o2 AAEF ths, 72°C
oA 1057F 2= 913519}t RT-PCR 2 snRT-PCR
ZEXEL NEO green M H(NEO science, Korea)S
A71sto] 1.5% agarose gelof| A7 953k th2, UV
trans-illuminator (Bio-Rad, USA)Z Eo] =& 2k

sto] =S},

UsnRT-PCR =71 &2l

UNGE ©]&3F DNA w2t Wx| Ak 2
DNA ghlo] EEH uracil 9715 A|713Hs UNGO)
=48 o83l Aol PCRE Folo] ZEH
DNA 7|4 €9 deoxythymidine triphosphate (dTTP)
L) A]o] Z| )3t deoxyuridine triphosphate (dUTP)7} ti
A E =2 stojok sttHLongo 5, 1990). 184 PCR
premix®] 3Z3tE = JdTTPE dUTPZ A3 tiAe
Agols FERE] WolA WgES Aske 4 9)
S8 F premixo]| XETE= dTTPﬂ- dUTPE] ==&
Ads] 24 o7t AUTHKim 5, 2014; Longo 5,
1990; Pang 5, 1992). wehbA o] o)A+ snRT-PCR
€ master mix©] heat labile Cod UNG (ArcticZymes
Inc., USA)E A RALS] ZHof uta} 0.5 unit2 A 7}s}
QAL FEAE FFSE FA| Y= dTTP/AUTP 5=
u]E gs] Slste] ebA A4E sIRT-PCRS pre-
mixo] dATP, dCTT @ dGTTY] %%l 2,5 mME 1

Table 2, Comparative sensitivity for the detection of PRRSV by the UNG-supplemented single-tube nested reverse transcription-polymerase
chain reaction (UsnRT-PCR) and real time RT-PCR (RRT- PCR) on clinical samples

UsnRT-PCR
RRT-PCR
Eu positve NA positive EU./NA Negative Subtotal
positive
EU positivre 25 - - 1 26
NA positive - 35 2 1 38
EU/NA positive 1 1 9 1 12
Negative 2 2 - 30 34
Subtotal 28 38 11 33 110

Percent positive agreement UsnRT-PCR compared to RRT-PCR is 96.1% (73/76), percent negative agreement of UsnRT-PCR compared to
RRT-PCR is 90.9% (30/33), and overall percent agreement of UnRT-PCR compared to RRT-PCR is 93.6% (103/110).
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DNA mXI2Y HX|7|50| Ql= snRT-PCRE 0|23t PRRSV SH& ZidzIct 111

2 §A|5t=, dTTP/AUTPS] 7} FwnlE ges)
o] 2,5/0, 2.0/0.5, 1,5/1,0, 1.0/1.5, 0.5/2.0 & 0/2.5 mM
FEHE H7ISE premixE Zb7b ARSI, NA-
PRRSV (10°~10" TCIDs/0.1 mL)2HE] =Z31 )AL
2 template® #7}3}¢] UsnTR-PCRZ AA|3t T},
SETE) YT FA FowA gk dUTPE H
7¥e = 9l vE&S #lskqlrh UsnRT-PCR HHg-2
7]129] snRT-PCR & 7 ©HAlof UNG Az ¥4
(50°CoA] 58)TF E&3} 2HG(95°ColA] 58)S 23
gk A ol9lofle TS 2oz £k

UsnRT-PCR2| it WXt@¢d HX| $a}

0] 9] UsnRT-PCRo|| 9J3f 5-%% DNA7} AE4
ol e H=o] &= AAZ 5lo] UsnRT-PCRE 7|
%% DNAE 29JA o= premixol] 2 PAIX] 3,
7HHE UsnRT-PCRE A A|5F0] @ F-350] HFA| & =4
£ SIStk &, UsnRT-PCRE 550 7] S5
DNA-E Nanodrop lite (Thermo Scientific, USA)= % &F
2k th3, 20 ng/uLoflAl 2 fguls == 1084 TA 3]
AeElaL, o] A NS UNGE 483 UsnRT-PCR-&-
premix@} UNGE % -83}4 ¢S snRT-PCR-E premix
of 77t WAR Ohg FUT 2AOR WSS AN
o] PRRSV So WI= 32 ofRg Selshalc.

UsnRT—PCR2| £0|= U DI

7§8F UsnRT-PCRO] Eo|=& #HF3l7| ¢3te] &

Al Hlolg|A 8FORHEE S4hS template

H7¥eto] UsnRT-PCRE AAJste] §4172; SF of i

£ eIty N A ] v =E HEeH] 9

alo] 93 W Hu]g PRRSV HE 59| HiolzyjA
O

Nl
i
ot

10" TCIDs/0.1 mLZ Z A3t th-S PBSE 108]<: ©
AZAst o, 77 slARorHE 2E3 HAS
0]93}o] RT-PCR, snRT-PCR 2 UsnRT-PCR-E AlA]
sto] ZHRE AghHol A WA =S Felstel o,
RRT-PCR (Kleibocker &, 2005)& EAJof| AlA|5}o]
PRRSV g HESHAE v|askich

OfRIA|Z20f| CHEE PRRSV ZERE H|W

of9] A2l didt UsnRT-PCRO| &84S %7}s)
7] 9]3te] PRRSV 79 FEgo e HEdistn

Aol HAF o= o] Hybstal I ofJAl= 110
HEH 07, A2 08)E RAYR 2B o
2., 7l4F UsnRT-PCR1} RRT-PCR (Kleiboeker -5, 2005)
= AAIsto] ofgjAlmo] tigt PRRSV HE a&S
HwsHith 2702] Aeiom B A Almet
RS

A9 A9 ALSt, oA W &4 A B
So] Aol AlRel APolt T 5% DNAZ <

T B3| AKBioneer, Daijeon, Korea)ol 2]
% Agt ok, $99 2 2oy

Az @71t vlastel 4

o
(6]
= He

rx
fot

UsnRT-PCR =

UNG AAZE Fote] ditedS HAT 4= 9o
HAE UNG H|A 2] snRT-PCRY} 7MY AR 53
7E&E 7HA+= UsnRT-PCRO] =71& &5 5
o] A9 dTTP/AUTP 23-Z HrAgh A
S 25 mM H7FSE premixQl AHSol= 10°~10
TCIDsy/0.1 mL2] H}o]z]A <I7}o| A= PRRSV ORF
7 FAA EolME(441 Ei= 274 bp)7t WEE QO
10" TCIDsp/0.1 mL2] H}o]# 2 7oA Eo|di=

&

dT 2.5mM
M 1 2 3 4

dT7dU 2.0/0.5mM  dT/dU 1.5/1.0mM

+ 441
-+ 274

dT/dU 1.0/1.5mM dT/dU 0.5/2.0mM du 2.5mM
M 1 2 3 4 M 1 2 3 4 M 1 2 3 4

Fig. 1. Optimization of the proposed UNG-supplemented sin-
gle-tube nested reverse transcription-polymerase chain reaction
(UsnRT-PCR) with different dTTP (dT) and dUTP (dU) concentration
ratio. Lane M, 100 bp DNA marker; Lane 1~5, amplified DNAs by
the UsnRT-PCR with RNAs extracted from 10-fold serially diluted
NA-PRRSYV (viral titers from 10* to 10' TCIDs¢/0.1 mL).

+441
+ 274
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Zehe - RIS - 0jz| - 14| - utai

7F SEEA] gkt dTTPYE 3 7heh premixe} dTTP
o} dUTPO| s =H|E Heste] M7 premixQl 75
o= 10"~10" TCIDsy/0.1 mL2] Hlolg|A &7}o)A]
R SolWert e Qlk(Fig. 1), webd SE%a
ol &S vAA oA E gt dUTP7} 53
DNA 7]Agell ZFEHES 517] $18ke] premixo]]
323rE= dTTP/dUTPY] H]&Z 0.52.0 mMOo &2 117
gto] o] %o AFS Y3t

UsnRT—PCR2| 34t WAt HEX| 'l

ap 20l

ot
lok

7 UsnRT-PCRo| AAZ 7|5Z&H ditke] <
of ofgt e3Fe WAL 5= A=A FAshr] st
UsnRT-PCRZ 7]%-Z % £u|3 PRRSVE| DNA 3]
& 7 RheFHo| E]1417 Usn-RT-PCRE AR
I UNG A#a7gs 4834 ¢ snRT-PCRof A=
©9XZ1 DNA 5527120 fg o]4FHel S W% PRRSV
FAA 5o HE@A4] E= 274 bp) o] T3o] A9
O UFig. 2A) UNG A2]7}14< 283 UsnRT-PCRO]
M EUAZ] DNAS] ofel| Aatgle] 5o] WES)]
3o HEA GokthFig. 2B). wEpA] s
UsnRT-PCRS: 7|5 Z% DNAZF 20 ng 202 94
et e3Fo] YAE £ A5 & 5 A

_l
ol
£ o2

i

[<)}]
oH
|

-

A
500+ <+ 441
300+ + 274
B
500+ +441
300+ 274

Fig. 2. Prevention effect for the DNA carryover contamination in
the developed UNG-supplemented single-tube nested reverse tran-
scription-polymerase chain reaction (UsnRT-PCR). (A and B)
snRT-PCR without UNG system and UsnRT-PCR. with UNG system.
Lane M, 100 bp DNA marker; Lane 1~8, snRT-PCR or UsnRT-PCR
results that were carried out with pre-amplified DNA templates at the
concentration of 20 ng—2 fg/uL, respectively.
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UsnRT-PCRS| E0| U TIZT

7iE UsnRT-PCRO] Eol=5 2Qlst7] ¢ste]
H3 4 50|y PRRSVE} Hjz|o] e =4 8f
1B AW LAl 65270 oFF el SIV, CSFV,
PCV2 9 PPV)ol| 4] 553t AARS: template = o] 7}
7} UsnRT-PCRZ AARE Ady, 83 9 Hu|g
PRRSV ©]9] th& HAA S FAAE FH351A] got
e Zeko] PRRSVE] Zldko] Sojxow Zhg
T e Flsksich(Fig. 3). 7Y UsnRT-PCR2)
Hr=S #st7] PRRSVE] 7bE s|A S 4
& RT-PCR, snRT-PCR, Usn-RT-PCR @ RRT-PCR
22y AAste] HAERAE Bt A3, 7] By
T-PCR (Kleiboeker 5, 2005)9] 917 EL= 93
513 PRRSVO| tfs] 2+2F 1 TCIDsy % 0.1
TCIDso®] HETAE Ueto] A7t g2 A4
3 vizbwE ol 2|5} th(Fig. 4D). 74 RT-PCRS &
H3@ Fulg PRRSV 53] 10 TCIDsy 3]A]H7}%]
Fdukgol WHEE I Cm(Fig. 4A), snRT-PCRSI 7
-, RT-PCRETH 3¢ o &2 3[4ui5=ql 0.01
TCIDso7HA| /Wi =7} 2HQIE QI THFig. 4B). HhHo
UNG #2]#}4-& 283t UsnRT-PCRS G313 9 &
ng &3] 0.1 TCIDsy =2 AETAE HeEhol
unRT-PCRO] H|3}o] 108 Y& =& el gle
L} RRT-PCRE| W Eh= AR =230 8 2QlE]
2 THFig. 4C).

]

of il o |o R o
NS ;

OFIA|Z0f CHot ZITteE

ofe] Alzof thgt 110-8(EH 604, FHF=x2] 507)
O RHE %3 RNAS tjAlo & 74 UsnRT-PCR
T} RRT-PCRE AA|5te] At 84S Friet 2
3}, 7|4k UsnRT-PCR= 11082] ofQJA] R oA 43

500+
300+

IMI

406
33

274

Fig. 3. Specificity of the UNG-supplemented single-tube nested re-
verse transcription-polymerase chain reaction. Lane M, 100 bp DNA
marker; Lane 1, EU PRRSV; Lane 2, NA-PRRSV; Lane 3, EU- and
NA PRRSV; Lane 4, SIV (HIN2); Lane 5, SIV (H3N2); Lane 6,
CSFV; Lane 7, PPV; Lane 8, PCV2; Lane NC, negative control.
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EU-PRRSV NA-PRRSV
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Fig. 4. Comparison of sensitiv-
ities among reverse transcription-
polymerase chain reaction (RT-
PCR, A), single-tube nested RT-

4"2“711 PCR (snRT-PCR, B), UNG-sup-
* plemented snRT-PCR (C) and real
time RT-PCR (D) for the detection
D Spemien Smeemien of EU-PRRSV (left) and NA-
PRRSV (right). Lane M, 100 bp
e . DNA marker; Lane 1~7, Results
B E of each assays with RNAs ex-
" V.77 .4 ; tracted from 10-fold serially di-
o - B7TNC  ops= = 7NC luted NA-PRRSYV (viral titers from

B B * N 10* to 10 % TCIDsp/0.1 mL).
& PRRSV TE=7Y 284, Eu|g PRRSV @=74 UsnRT-PCRZ = PRRSV §A4x}7} El=|Qict Ho
384 9 §-H&/Eu)d PRRSV &3t 117 5 & 774 2 7l4F UsnRT-PCRZ GHE, Eu|g £= g/
oAl Fduts-= UER e, 3350 A Sdvte= Eulg dAdQ A= 4%0] RRT-PCR¥} Zle-d 7}
ek o] 70% (77110)9] HEeSs Uehek vbd AolstAl yEbgton, UsnRT-PCRZ /44¢1 A= 33
of RRT-PCRE §8%@ PRRSV @54 267, #u] & % 3%o] RRT-PCROA Aoz W=t of
¥ PRRSV wh=4t9d 384 8l 9% o H09 2t dass F¢Y W /Y UsnRT-PCRe| 7]&
PRRSV =3} 128 & & 7684 FAAWSS e RRT-PCRO]| o3t At U288 93.6% (103/110)°] 3}

Yo, 34804 SA49S YERo] 69.1%
(76/110)2] HAZ8S veRfo] 74 Usn-RT-PCRO]

7|5 11%] RRT-PCRo| H]3| H&8o] tha && Ao

2 QI E glth(Table 2). AW HAAATE AHA O
2 EAFEH RRT-PCROJA F-HF PRRSV FA42l
A& 267 FoA 130] UsnRT-PCREE= 240

T E QAL RRT-PCRO| A 51| PRRSV 0& il
2 387 FollA 2% 9 170] UsnRT-PCRZ &= 7}2}
_JTU]&]/OEIS:I OkH m %H o=z ﬁ&xég]gj\ocq RRT-
PCROJA] g/ 5mld F8Q Als 124 FollA 3
#o] UsnRT-PCREZ= 49 14, Ho9 14 &
3 1o AgEo A AFEA A
ellAe A Aolet At EEEAT Ee
RRT-PCRO A 5421 AlR 347 F 4%°] UsnRT-
PCREZE= $H3H12H) Ho)g

Z‘j)ﬁ_i O]:k] _\‘1]—7(-1
¥]o] RRT-PCRZ ZAZ3HA %ﬁ}% QAR AR A]

D{o

3
]
9
% 4

p=)

0]1

om, FHLAE(96.1%)0l Blste] 379 U]E(90.9%)
o] HlmA e Ao g BAE|QrtKTable 2). RRT-PCR
oFA}/UsnRT-PCR 24491 A& 343} UsnRT-PCR oF
“J/RRT-PCR &74Q1 Al& 4%]of| tfsto] 5255 DNA
e gk A7IAES A4Sk £EFY H7IA
A3t vjwst AN RLE v A|A]), 25 PRRSV
o] dig HZIAE et A5t sfgAl =z gt
T A HEAe] Aol AlRY HiolE A
Az ®Ho) wiZo] ofyet & Zezkel A&
Aloju} Zekag 9] zfolof 7]Q1gk Aoz FH = ]lrh

=z =
ij_"r‘T

1 o=

nRT-PCR7|H-& Q& primer setE ©]-&3+ 1%} RT-
PCRE E3}o] 12} £Z% DNAE Y5 primer setE
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Yehed - e - 0| - LM

-tz

olg3to] 23 nPCRE AAISte] A FE3}7] wfiof
nPCR 70| ¢l Auk RT-PCRo]| v]5}to] Eo]mwo}

W77} ot PRRSVE] SAAAEORN $85
Al E-8-E]o] kK Christopher-Hennings 5, 1995; Gilbert

= 1997; Kono =, 1996; Shin 5, 1998). &1} 7]
X 31% nRT-PCRS 3GA|(RT, PCR ¥ nPCR) E+= 2
SART-PCR % nPCR)2| H-3T1H L F55l0] 43
s7) wEe] AuAe) WS the AR §7)
At #7H 02 WAk Aok WAl Gistel ur
SREE JEsloF gttt olE3 YA HFew
ZEE DNAZH A4 870t 7|7 52 9947
He, 6] QyHoR POR HAE s U
A AL olejat 7] ZE DNAS| WAoo
053 = Si9by Wgel 2 EAoR A4s
Th(Persing, 1990; Kwok} Higuchi, 1989). o]<}
of ] @A 9 ¥hgS AXHA WA= wAte
A= YSHAE deslste] 1719 HheRE
ol A Hh-gx|eke] Z=71abA ¢lo] 13 RT-PCRi} 2
Z} nPCRS &% 02 4~83}+= one-step nRT-PCR
7S ATz AT 4= ltk(Abath F, 2002;
Rolfs =, 1992). 18} AASo0] &F7]mL PRRSV
Atg oz 7idtE nRT-PCR Fo) A= oF&71A] ©t

QJEH o4 13} RT-PCRI} 27} nPCRE A&H O &
4235F 4= Q)&= one-step snRT-PCR-& 7|5t #o] ¢l
o webal o] AFolA Bl MRS YA 13}
RT-PCR3} 23} nPCRE o4 o g 233t o @) o
WSO A E AR 7|2 nRT-PCRO] nxted &
A% s@ek A0l SHBT} Bo]F | PRRSVE
= WOE AERSE 4= & snRT-PCR7|HS 7]

— 3k

o

o2 Mm@ lo pll N
oz

| R o2 A oz
>,
il
10
2

[e]

o ot ©FEL WA 4 ol E ke el
g Q 3}th(Aslanzadeh, 2004; Kwok} Higuchi, 1989;
Persing, 1990). ©]2{3t 7]=Z % DNAQ| w2} Fof
g 05% BAS A5 fistel ke S

o] AAE]A o} UNG A~ o] &3t 3t
WAoo Hhx]Agko] 71&F #AAZ 0l gloto g By

wolgko ], AlA| AFE9] influenza virus (Poddar 5,
1997) ¥ coxsackievirus (Pang 5, 1992) 12|31 =+
o Rofol M B2 W uko] el AKim Z, 2014)]
ko] JEHo HeH v Ak weba o) g

Korean J Vet Serv, 2016, Vol. 39, No. 2

o A= 7 snRT-PCRo| UNG A 27|H& =Q0gh
UsnRT-PCR-& premixZ o]-83}o] PRRSVY] -2}
FTET U, 7]5EE DNAS w22 SQAX &
7j¥t snRT-PCR#} UsnRT-PCRS ZHz} AA|3F ZA,
snRT-PCR}= 2] UsnRT-PCROJ A= 20 ng %2
71ZZ% DNAE 29AX]7] HLox A3 od
DNAo| &Jgt @ F-Fo] Wrx|go] elw }lth(Fig. 2).
o]} Zro] 7| UsnRT-PCRE 7|& 2~3%HA| 2] nRT-
PCRO| W3- o 19A = ©he3lsbqlal, whefof 9l
S 4 = 7|25 DNAQ wae o) 9t o=
EZ7H] &= UNG A= AT 4 7] wizof dA
AAAG A o] & -8 79 PRRSV Zete] 4l
Bl s A FEAE 7 S Ao Z|gEH
dUTPL} UNGE ©|-83F dlite s WA 7|5
25 DNAS wate s Aol 2 4= 17] of
Zoll PCR XeHe] A== s eRE 4= QIA|qE 7]&2
UNG H|# 2] PCRO| H|5te] Zcke] WIZt=r} x5k
4= QItiKim 5, 2014; Longo 5, 1990). w=tA &3
3 o9 En]3d PRRSV AN o RHE =23 RNAS
o]-@3}to] 78t UsnRT-PCRI} UsnRT-PCR 72 1%
3} A3=E RT-PCR ¥ snRT-PCR, “128]11 RRT-PCR
(Kleiboeker %, 2005) 2zt AA|5te] A& =S
v walgch 1 A3}, 13} RT-PCRe] W17H=(10 TCIDso/
0.1 mL)o|| H]d}o] 22} nPCRE =3+ snRT-PCR]
uZF=(0.01 TCIDsy/0.1 mL)= ©F 1,000H] o]A} &kA}
E ¢l ot UNG A|A"S #83F UsnRT-PCRE] H17]
(0.1 TCIDs/0.1 mL)+= snRT-PCRo H]3}o] <F 10H]
7"/\90] gholE]gicl. 18t UsnRT-PCRE] RIZI &=

rL filo

~ 0%

£ RRT-PCRE] TIZ=(0.1~1 TCIDs5/0.1 mL)2} -3-Af
6} Zzolglon, 7] HuE o2 AEAE9] nRT-
PCRA N7 (1~10 TCIDs/0.1 mL)}Xt} 10w o]4F

223} 710 & PRRSVO| Al AekhH oz o]83}7]
Oﬂl‘ Z83} A o7 7thE] 9 ti(Christopher-Hennings
=, 1995; Gilbert 5, 1997; Kono %, 1996; Shin &,
1998).

7HdF UsnRT-PCRE| ofQJA| o] tfigt -84 3
7¥st7] flsto] ofe] Alm 110ge ez 7
UsnRT-PCR¥} 7|1 1% RRT-PCRE AlA|3}o] 1
W= Hlwg Ay, & Yo HEES 24 70%
9 69.1%) 2 ARG 4 RRT-PCR tjH| 7Jj4t UsnRT-
PCRO At AUR&L 93.6%= 7|'¥ UsnRT-PCRE]
AZ&&o] thAh =9FtKTable 2). 121} RRT-PCR o
H] 7§t UsnRT- PCRJ oFx Wl &4 olx] go zkzk
96.1% L 90.9%= &4 dx]Lo| tha A HUlE
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of AlFAQl MANE #A7E Ay, & e
ofsf mF PR BAEJAT PRRSVE] {1419
AN & A9rF 4 2EelEen, & g
W7ol P4 BEEAITE el Afe 730l
QI AEH(Table 2). of2fgt =po]7} sl A=
HE PRRSVE] {1407 H7|AQ3f ol A-E-d
primer 9 probe®] ¥7|A A7k EUA| 7|AD
Q1o B Z2(Indik 5, 2005) ©]& &el3dl7] Y5t T

A= TAA ZEE DNA) diFt A714E BAL
Axste] Shelst Aat, dig mael SN
Fo] W Ao olejat T AT Aboldt Atk
A7} FAAIR U PRRSVO] 44 wolo] 7]elg
AL ohd Zom et weba ofe] A|Ro
gg = AghEcrel Wzl Aol AR U
PCR A&} ¢12}e] A Ei= primer H}24]2] RT-PCR}
probe 4] ©] RRT-PCR7H 71 &H412] Fjo] So| thef
3t aglo] 283 4 Qrka AZE} FF 749
Bajo] Wad Ao Az GAR 420 U7
22 s § fARSE e ofe] AR

d

s 2]

Sotde wl AN Azl et Ad Anprp A7 4
ol 4 itk A& UAAQ] PRRSV AThe 43
S YA Fashl efslor 3 Atos 4
kit o2 Sol YHHQ FEY BUEY £Fo]
ofet B4 ARl a ey Wy A
PRRSV 4419 #4227} alg FE] ey
] (o]

FRAAAY S FHs AT A0 AL RT-PCR
o|tb RRT-PCR % Shite] AIehyler $-85}7| ek
27H0) Aee Adste] g Ro] Ao et
AEngHoR Fgshs o] nEAa Aom 4
Zgley.

4 = Q= 1o, uracil
DNA glycosylase (UNG) A28 S | 8-3lof 7] ZE 5
DNA9] Wzt e ¥& WA = UNG supple-
mented single-tube nRT-PCR (UsnRT-PCR)S 7l &5}o]
1 A584= BT /i UsnRT-PCR2 ©]41 €]

4

&
=
i
@)
=
ull
N
olN
Bit3
i)
-
5
<
o
=
|
Jo
)
by
1o
to

% real time RT-PCR (RRT-PCR)¥} §-A}3t 0.1 TCIDso
2 FH7lE ek ofJA R 1108(E3 607, HAx4A
504)E iAo 2 f8F UsnRT-PCR¥} RRT-PCRE A
AsE A3y, AELS ZHE 70% (77/110) 2 69.1%
(76/110)2 7j¥F UsnRT-PCRo| tha =9fc}h. 7t
UsnRT-PCR®] RRT-PCRO| gl ¢FA 2 4 LA&
£ 96.1% (73/76) L 90.9% (30/33)2 HAE|o] Ar
OFLA| Rof| Al HAFA I} Aol stA YrEbskTh whebA

A o= T8t ARl diside ekt
ks ffste] 2704 Aele 3D Fart o
AL Az o] -5 Fote] 7 UsnRT-PCR2
w2 et Soles AWM e HAy & 9
A o] ogt @& A 4= ql7] wiel Al
Aol A PRRSV zlghol| f-8sHA 282 +
A Ao gt
uAel 2

° 3}
AL A (AN F: Z-1543069-2014-14-02) o
EAEH AAd Ho] L I R2IAFG (A A
PJ00181601)8] 2] o] &Jaf o] Fojxl A ¢l

[e)
3
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